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TITLE 

FLUORINATED ALKENYLTRIAZINES AND THEIR 
USE AS CROSSUNKING AGENTS 
FIELD OF THE INVENTION 
5 lliis iiweimon concenis selected novel fluorinated alkenylt^ 

their use as crosslinking agents for fluorinated elastomers. 

TECmff CM. B AOKCROUND 
Huoiinated elastomers are items of commerce, being used for a variety of 
plications where chemical and/or themial resistance is important. They are 
10 especially useful for a variety of seals, such as O-rings and chevron rings. These 
elastomers arc nonmally crosslinked when formed into their final pait shq)es» and it 
is desirable that the crosslinks formed have at least as much chemical and thennal 
stability as the elastomeric polymer itself. 

One method of fomiing crosslinks with polymers which have certain 
15 functional groups attached is the free radical "grafting** of certain polyolefins, see 
for instance U,S, Patents 4,320^16, 4,303 J61, 4,299,958 and 4,035,565, which 
arc all hereby included by rcfercnce. The alkenyl triazines described hercin give 
vulcanizates with good properties and have good curing characteristics, such as 
fast curing but good scorch resistance. 
20 SUMMARY OF THE INVENTION 

This invention concerns a compound of the formula 



Rl 




(D 



25 wdiercin Rl is CH2=CH(CF2)n-» CH^=CHCH2(CF2 V, 

CH2=<HCT2f^(<^3)OCF2CF2- or 

CM2==OICF2CT2CF(CT=ai2)OCF2CF(CT^ and h is an integer of 1 

to about 10. 

This invention also concerns a process for the crosslinking of a fluoro- 
30 elastomer, con^rising, contacting a free radical generator, a fluoroelastomer which 
is enable of crosslinking with a polyolefin under ftee radical conditi(»is, and a 
conq>ound of the fomiula 
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(0 



wherein Rl is CH2=CH(CF2)n-, CH2=CHCH2(CF2)n-. 
CH2=CHCF2CT(CT3)OCF2CF2- or 
5 aii=CHCT2CT2CT(CH=MZH2)OCF2CF(CF^ and n is an integer of 1 

to about 10, and provided said comacting is done at a teniperatuie at which said 
free radical generator generates free radicals. 

DETAILS OF THE I^fVENT^ON 
By a fluorodastom^ herein is meant a polymer containing flttoiine whose 
10 glass transition temperature and melting point (if any) is at or below about 40^C. 
It is preferred that the fiuoroelastomer contain about 45% or more by weight of 
fluorine, and more preferred that it is a perfluoroelastomer. 

Compound (I) can generally be made by the trimerization of anrtrile of the 
formula RlCN (see Exan^les 9, 12, 15, 20 and 25). These nitriles, and precursors 
1 5 thereto, can be made by m^ods illustrated in die Examples or found in the 

following references: G. A, Grindahl, et al., J, Org. Chcm., voL 32, pp. 603-607 
(1967); and P. B. Sargmt, et al., J. Am. Chem. Soc., vol, 91, p. 415ff (1969). 

In compound (I), when Rl is CH2=CH(C!F2)ii-, it is prefened that n is 1 or 
2, vAien Rl is CH^<MCH2(^2)n-^ ^ prefened that n is 1. 
20 When (I) is used as a crosslinking agent, it may be used to crosslink 

fluororelastomers made from die following monomer ccmibinations: hexafluoro- 
propyleneA^yUdrae fluoride; tetrafluoroefliylene/vinylidene fiuoride/hexafluoro- 
propylene; tetrafluoroetfaylene/perfluoro(alkyl vinyl eth^) wherein the alkyl group 
contains 1 to 5 carbon atoms , preferably wherein the alkyl group is methyl or 
25 propyl; and tetrafluoroediylene/perfiuoro(alkyl vinyl ether) whecein the alkyl groiq> 
contains one or more ether oxygen atoms and 2 to 20 carbon atoms. Inallofthe 
these polymers, 0.1 to 5 mole percent (based on total repeat units) of a repeat unit 
derived from a curesite monomer may optionally be present. A curesite monomer 
is a monomer which provides a repeat unit which aids in the crosslinkng process. 
30 A CTDSslinked polymer wherein (I) is used as a crosslinking agent is also novel, 
since tl^ crosslink itself has not been included in such polymers. 

The crosslinked poljmoers of this invention are useful wherever chemical 
and/or high temperature resistance is required They are especially useful in sealing 
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s^lications lequiring such properties, such as in O-rings, chevron rings, gaskets, 
etc. 

In the Examples, the following abbreviations are used: 

Krytox® 16350 - poly(hexafluoiopropylcne oxide) available from 
5 E- 1, du Pont de Nemours and Conq)any, Wilmington, DE, USA 

Luperco® lOlXL - 2,5-dimethyl-2,5-bis(t-buty^roxy)h«cane 
PCN42 " a postcure cycle under nitrogen of 6 h at 90**C, 10 h ramp from 

90 to 304*>C, and 26 h at 304°C 
PCN260 - a postcure cycle under nitrogen of 8 h ranq) to 260X, and 
10 tten 40 hat 260*^0 

TAIC - triallyl isocyanurate 
In Examples 25-27» numbers such as DXXXX refer to ASTM test methods 
for the tests performed. Abbreviations used herein to give the test results are given 
in the ASTM test n^thods. 
15 EXAMPLE 1 

Preparation of c<::^FsOCF7CF(CF^)OCF7CT7C02CH:i 
AIL autoclave was charged with 425 g of 
CF2=<:F0CT2CF(CF3)CKT2CF2C02CH3 and 335 g of hexafluoropropylene oxide 
and heated at 185**C for 10 hrs. The crude product (476,6 g) was distilled to give 
20 391.6 g of pure product, bp 83-84^C/4 J kPa. i^NMR: -80.4 (s, 3F), -83,5 (m, 
2F), -85.2 to ^6.4 (m, 2F), -12L6 (s, 2F), -145.7 (t, J = 22 Hz, IF), -152.9 9d, J 
= 193.4 Hz, 2F), -155.7 (dm, J = 194 Hz, 2F), -162,4 (t, J = 8.7 Hz, IF), ^H 
NMR: 3.97 (s), IR(ncat): 1791 (s), 1308 (s), 1276 (s), 1239 (s), 1152 (s). Anal: 
calcdforCioH3Fi504: C, 25,44; H, 0.64, Foun± C, 26.19; H, 0.73. 
25 EXAMPLE2 

Reaction of c-C<^p70CF7CF(CF^)OCF'>CF^CX3^CHq with Iodine 
AIL autoclave was diarged with 200 g of 
c-C3F70CT2CF(CF3)OCF2CF2C02CH3 (c = cyclo) and 108 g of I2 and heated at 
150**C for 5 hr. The product was washed with aqueous Na2S03 solution, checked 
30 by GC, indicating 90% of pioduct with 1()% of starting inaterial, and distilled to 
give 236.5 g of pure iaF2<^2f^CKlP2<^(<^3)OCF2CT2C02 
bp 107-1 10*'Cy399 Pa, and 21.6 g of bp 60-106^07399 Pa material containing 
starting material. 1^ NMR: -55.2 (d, J = 205.1 Hz, IF), -58.8 (dm, J = 204.4 Hz, 
IF), -69,0 (m, IF), -80.0 (s, 3F), -79.6 to -80.7 (m, IF), -82.5 to -84.0 (m, 2F), 
35 -89.9 (m, 0.5 F), -90.3 (m, 0.5F), -102.1 (d, J = 277,1 Hz, IF), -104.6 (dt, J = 

277 Hz, J = 8.4 Hz, IF), -121,5 (s, 2F), -145.7 (t, J 1 1.3 Hz, 0,5F), -146,0 (t, J ^ 
ll,7Hz,0.5F). IHNMR: IR(neat): 2990 (w), 1786 (s), 1306 (s), 1243 (s), 1194 
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(s), 1152 (s), 1134 (sO, 1128 (s). Anal: Calcd for CioH3Fi5l204: C, 16.55: H, 
0.42; 1, 34.96. Found: C, 17.03; H, 0.51; 1, 35.21. 

EXAMPLES 
Reaction of c-C^FsOCF2CF(CF^)OCF?CF9C07CH^ 

5 YfjO), Jotfmg at ffighgr Tgn:g?g)rattffg 

A 0.4 L shaker tube was charged with 189 g of 
c-C3F5C)CF2CF(CF3)OCF2CF2C02CH3 and 100 g of I2 and heated at 150°C for 
3 hrs and 240°C for 8 his. Distillation of the leaction mixtme gave 78.3 g of 
ICF2CF2COF, bp 57-58°C and 129.3 g of ICF2CF(CF3)OCF2CF2C02Me, 

10 bp 98-100''C/8.0 kPa. nmr for ICF2CF2COF: +28.0 (m. IF). -62.1 (m, 2F), 
-1 1 1 .4 (m, 2F); for ICF2CF(CF3)OCF2CF2C02Me: -58.8 (dm, J = 210 Hz, IF), 
-59.9 (dm, J = 210 Hz, IF), -76.8 (m, 3F), -82.7 (dm, J = 158.7 Hz, IF), -83.7 
(dm, J = 158 Hz, IF), -121.6 (t, J = 3.3 Hz, 2F), -1343 (m, IF). JR for 
ICF2CF2COF: 1768 (s), 1187 (s), 1150 (s); JR for ICF2CF(a'3)CF2CF2C02Me: 

15 1768 (s), 1342 9s), 1304 (s), 1232 to 1110 (s). Anal: Calcd. for C7H3F10IO3: C, 
18.60; H, 0.67; F, 4238; 1, 28.08. Found: C, 18.24; H, 0 J2; F, 4Z38; 1, 29.46. 

EXAMPLE 4 
Preparation o f Ethvl 2-Iod otetrafluoropropanoate 
A 300 mL shaker tube was charged with 50.8 g iodine and 50 g of 

20 tiifla(»conietho:^pcaitafluorocycIc^Hopane and heated at 150°C for 4 hrs and 

240°C for 8 hrs. After the tube was cooled to room temperatme, 57.6 g of cnide 
jHoduct was obtained, which was treated widi 75 mL of EtOH and 11 g of KF at 
10°Cfor4hoius. The reaction mixtoie was poured into water. The lower layer 
was separated, washed with Na2S03 solution and dried over molecular sieves to 

25 give 5 1 .2 g of crude ester. Distillation gave 45.3 g of pure product, 

bp 72-73"'C/4.0 kPa. iH NMR: 4.43 (q, J = 7.0 Hz, 2H), 139 (t, J = 7.2 Hz, 3H). 
l^F NMR: -60.6 (t, J = 7.0 Hz, 2F), -1 1 1.9 (t, J = 7.0 Hz, 2F). IR (neat): 2995 
(w), 1778 (s), 1374 (m), 1709 (s), 1185 (s), 1141 (s), 1076 (s). Anal: Calcd for 
C5H5F4IO2: C, 20.02: H, 1.68; F, 2533; 1, 42.30. Found: C, 19.83; H, 132; F. 

30 27.74; 1, 43.46. 

EXAMPLE 5 
Reaction of IGF7CF7CO?Et with Ediylene 
A 0.4 L shaker tube was charged widi 100 g of ICF2CF202Et, 0.5 g of 
limonene and 20 g of ethylene and heated at 210°C for 6 hours. Distillation of the 
35 reaction nuxture gave 85 g of pure product, bp 83-84*'C/665 Pa and 11 g of 84% 
pure product, bp 35-84''C/665 Pa. »9f NMR: -1 15.9 (t, J = 17.2 Hz, 2F), -120.4 
(s, 2F). IH NMR: 4.41 (q, J = 7.1 Hz, 2H), 3.23 (m, 2H), 2.75 (m, 2H), 1.38 (t, J 
= 7. 1 Hz, 3H). IR (neat): 2995 (w), 1774 (s), 1 320 (s), 1 167 (s), 1 134 (s). 1 1 13 
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(s). Anal: Calcd for C7H9F4IO2: C, 25.63; H, 2.77; F, 23.17; I, 38.68. Found: 
C, 26^0; H, 2.86; F, 25.38; 1, 39.38. 

EXAMFLSO 
Preparation of CHT^CHCF^CF^CO^Et 
5 To a stined solution of 705.2 g of ICH2CH2CF2CF2C02Et and 1 L of 

CH2a2 was slowly added 353 g of DBU over 3 hrs at 23 to 30^C. After the 
addition was con:q>lete, the reaction mixture was stirred at room tenq)erature for 
20 min. and then neutralized with 5% HQ solution. The organic layer was 
separated and Ae aqueous layer was extracted with CH2Q2- The combined 
10 organic layers were washed with water and NaQ solution and dried ovct MgS04. 
After removal of CH2a2, the residue was distilled to give 331.5 g of 
CH2=CHCF2CF2C02Et, bp 75*Cyi6 kPa. 

EXAMPLE7 
Preparation of CH7=CHCF9CF9CONH7 
15 To a stirred solution of 305 g (1^25 mol) of CH2==CHCF2CF2C02Et and 

700 mL of CH2a2 was added 34 g (2.0 mol) of NH3 at O^C over 1 ^ hrs. After 
tte addition was complete, the resulting mixture was stirred at room tenxperature 
overnight. Removal of all voladles gave 221 3 g of white solid product. 
NMR: -115.5 (2F), -122,0 (2F). *H NMR: 6.91 (br, IH), 6.43 (br, IH), 
20 6.10-5.75 (m, 3H). IR(KBr): 3376 (m), 3268 (m), 3192 (m), 1706 (s). 1629 (m), 
1245 (s), 1147 (s), 1014 (s), 956 (s). 

EXAMPLES 
Preparation of CHt^OICF^CF^CN 
A mixture of 100 g of fine powder CHi=CHCF2CF2CONH2 and 261 g of 
25 P2O5 was heated at 130 to 170**C, during which volatiles were distiUed out and 
collected in an ice-water cooled receiver. After 5 hours, 84.1 g of volatiles were 
obtained and GC analysis indicated the produa was 97% pure. Two runs were 
combined, a drop of Hg added(to remove pink color), and distilled to give 160.7 g 
of colorless pnjduct. yield 90%, bp SS'^C. I^fnMR: -107.5 (t, J = 4.3 Hz. 2F). 
30 -11.4 (t, J = 4.3 Hz, 2F). »HNMR; 6.10 to 5.90 (m). 

EXAMPLE 9 
Trimerization of CHt^CHCF^CF^CN 
A 100 mL tube was charged widi 40.0 g of CH2=CHCF2CF2CN, 0.85 g of 
Ag20 and cooled in liquid nitrogen. After being evacuated and pressured witii 
35 nitrogen for six times, the tube was sealed and the contents in the tube were stined 
at 120*'C for 40 hours. The solids were dissolved in CH2a2 and transferred to a 
column wifli silica gd (CH2Q2 as solvent) to give 35.0 g of ptue 
(CH2=CHCF2CF2)3C3N3. IVNMR: -113.7 (d, J = 11.1 Hz, 6F), -118.1 (s. 6F). 
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IR: 1651 (w), 1552 (s), 1186-1014 (s). Anal: Calcd. for C15H9FJ2N3: C, 39.23; 
1.98; N, 9.15. Found: C, 39.05; H, 1.94; 8.91. 

EXAMPLE 10 
Preparation of CH7=CHCF9CF(CF^)OCF?CF7CO^Me 
5 A mixture of 68.0 g of IC3F2CF(CF3)OCF2CF2C02Me and 8.0 g of 

CH2=CH2 was heated in a 0.1 L shaker tube at 210*C for 6 hours, and 63 g of 
crude product was obtained. The crude product was diluted with 100 mL of 
CH2CI2 treated widi 25 g of DBU at room tenq)erature overnight. The 
reaction mixture was poured to water and neutralized widi a 5% HO solution. 
10 The lower layer was separated and washed with water. After removal of the 
CH2a2, the residue was distilled to give 40.1 g (76%) of 

ai2f=CHCF2CF(CF3)OCF2CF2C02Me, bp 71-72^/2-7^^ l^NMR: -79.1 
(m, 3F), -82.6 to -843 (m, 2F), -113.7 (dm J = 264.8 Hz, IF), -115.0 (dm, J = 
264.3 Hz, IF), -121.9 (t, J = 3.0 Hz, 2F), -145.3 (t, J = 21.8 Hz, IF). Ifl NMR: 
15 3.96 (s, 3H), 5.99-5.78 (m, 3H). 

Preparation of CH^^=<MCFjCF(CF^yOCF'yCFjCN 

A mixture of 21.1 g of CH^=<MCF2CF{Cp2y^CF2Cp2C02^ and 12,0 g 
of NH40H (30% in H2O) in 25 mL of acetone was stined at room temperature 

20 overnight. After removal of all volatiles, 17.3 g of crude 

aH2=<MCT2CF(CT3)<XF2CF2CX)NH2wasobt l^l^NMR; -79.1 (m,3F), 

-82.5 (dd, J = 138.2 Hz, J = 24.0 Hz, IF), -83.9 (dm, J = 138 Hz, IF), -113.7 (dm, 
J = 264 Hz, IF), -1 14.8 (dm, J = 264 Hz, IF), -123 J2 (m, 2F), -1453 (m, IF). iH 
NMR: 7-08 (hr, IH), 6.53 (br, IH), 5.76-5.98 (m, 3H). 

25 A flask fitted widi a distillation head was cfaaiged with 13.0 g of the above 

amide and 18.0 g of P2O5 and was heated at 150 to 200**C for 2 hours, during 
which 93 g of CH2==OICT2CT(CF3)OCF2CF2CN was collected in a receiver, 
bp 103 to 104**C, 97.5% purity. ^^NMR: -79.1 (m,3F), -83.6 (dm, J = 136 Hz, 
IF), -853 (dm J = 136.8 Hz, IF), -108.9 (m, 2F), -1 13.4 (dm, J = 264.8 Hz, IF), 

30 -1 15.0 (dm, J = 265 Hz, IF), -144.8 (m, IF). ^H NMR: 5.84 to 6.06 (m, 3H), 
Anal: Calcd for CgHsFioNO: C, 30.11; H, 0.95; F, 59.54; N, 4.39. Found: C, 
30.61; H, 1.17. 

EXAMPLE 12 
Trimerization of CHo==CHCFoCF(C^c^)OCFoCFoCN 
35 A mixture was 4.0 g of CH2=CHCF2CF(CF3)OCF2CF2CN and 0. 12 g of 

Ag20 was stirred at 140 to 150''C for 15 hours and then purified by 
chromatography on silica gel using a mixture of hexane and ethyl acetate in a 90 to 
10 ratio as eluent to give 3.5 g of pure [CH2=CHCF2CF(CF3)OCF2CF2l3C3N3. 



6 



wo 97/05122 



PCT/US96A12384 



19FNMR: -79.4 (m, 9F). S230 (m. 6F). -113.8 (dm, J = 265 Hz. 3F). -114.6 
(dm, J = 265 Hz, 3F), -1 19.4 (m, 6F), -144.8 (m, 3F). »HNMR: 5.98-5.75 (m, 
9H). IR: 1651 (m), 1554 (s), 1423 (s), 1316 (s), 1219 to 1027 (s), 980 (s). Anal; 
Calcd for C24H9F30N3O3: C, 30.11; H. 0.95; F, 59.54; N, 4.39. Found: C, 
5 29.86; H, 1.02; F, 60.53; N, 4.45. 

EXAMPLE 13 

Preparation of CU-y=^CF7CF'yCn'iCH=CH)oOCPTC:FiC^^ 

A mixture of 70.0 g of ICF2CT2t^O<^2<^(<^3)0<^2CF2C02Me and 
12.0 g of CH2=CH2 was heated in a 0. 1 L shaker tube at 160<*C for 3 hours and 

10 190°C for 2 hours, and 65 g of crude product was obtained. The crude product 
was diluted with 60 mL of CH2'^2 treated witfi 33.4 g of DBU at room 
temperature for 3 hours. The reaction mixture was poured to water and 
neutralized widi a 5% HQ solution. The lower layer was separated and washed 
water. Afier removal of the CH2a2> the residue was distilled to give 28.3 g (58%) 

15 ofCH2=OICT2CF2CF(CH=<H2)0<:p2(^(CF3)OCT2CF2CX>2Me, 

bp 108-1 10'Cy665 Pa. »9f NMR: -78.5 to -79.4 (m, IF), -80.2 (m, 3F), -82.5 (m, 
IF), -83.1 (dm, J = 138.5 Hz, IF), -«4.2 (dm, J = 138.5 Hz, IF), -112.8 (s, 2F), 
-121.8 (m, 2F), -124.6 (dd, J = 282.7 Hz, J = 24.8 Hz, IF), -1253 (dm, J = 
282.7 Hz, IF), -127.8 (m, IF), -145.8 (m, IF). iHNMR: 3.95 (s, 3H), 5.10-5.69 

20 (m,6H). Anal: Calcd. for C14H9F15O4: C, 31.96; H, 1.72. Found: C, 31.98; H, 
1.72. 

EXAMPLE 14 

Preparation of CH?=<HCF?CT?CT(CH=KJl9)(X3?->CF(CF^)OCF7CF->CN 
A mixture of 20.0 g of 
25 CM^<HC3'2a?2<^CH=CH2)OCF2CF(CF3)OCF2CF2C02Me and 3.0 g of NH3 

ia40nd^olCH2'^2^^^^*^^'^'^^^^'^*°''^*^^ Aftericmoval 
of an volatiles, 19.0 g of crude 

ai;f<HCF2CT2af(CM=<H2)OCF2CT(CF3)OCF2CF2CX)NH2 was obtained. ^H 
NMR: 8.1 1 (br, IH), 7.80 (br, IH), 6.34-5.84 (m, 6H). 

30 A flask fitted wi& a distillation head was charged wilfa 17.0 g of above 

amide and 18.0 g of P2O5 and was heated at 160 to 200°C for 2.5 hours, during 
which 14.7 g of CH2=<31CF2CF2Cr(CH==CH2)0(:T2CF(CF3)OCF2CF2CN was 
ccdlected in a receiver, bp 103 to 104''C. l^p NMR: -78.1 to -79.0 (m, IF), -80.3 
(m, 3F), -81 .6 to -82.4 (m, IF), -84.3 (dm J = 134.8 Hz, IF), -85.2 (dm J = 

35 134.8 Hz, IF), -108.8 (m, 2F). -1 12.8 (dm, 2F), -124.4 (ddd, J = 283.8 Hz, J = 

28 Hz, J = 4 Hz, IF), -125.6 (dd, J = 282.6 Hz, J = 10.0 Hz, IF), -127.8.8 (m, IF), 
-145.2 (m, IF). IHNMR: 5.70-6.20 (m). Anal: Calcd. for C13H6F15NO2: C, 
31.66; H, 1.23; N, 2.84. Found: C. 31.73; H, 1.40; N, 3.10. 



7 



wo 97/05122 



PCT/US96/12384 



EXAMPLE IS 

Trimerization of CH^=aiCF7CT7Cy(CH==CH7)OCT9CF(CF^)(X: 
A mixture of 2.0 g 

CH^^=<3lCF2CT2CF(CH:=Cn2y^ and 0.1 g of hfH3 was 

5 heated at 140^C in a sealed tube for 36 hours. The viscous oil was diluted with 
CH2Q2 and transferred to a flask. After renioval of solvent, the residue was 
purified by chromatography using ethyl acetate and hexane (9: 1) as solvent to give 
L6g of product. ^^NMR: -78.3 to -78.9 (m, 3F), -80.5 (m, 9F), -81.9 to -83.3 
(m, 3F), -113.1 (d, J = 7.3 Hz, 6F), -119.5 (m, 6F), -124.6 (dd, J = 283.6 Hz, J = 
10 18.3 Hz, 3F), -126.0 (dd, J = 282.5 Hz, J = 18.2 Hz, 3F), -127.9 (m, 3F), -145.6 
(m, 3F). IR: 3101 (w), 1735 (w), -1651 (w), 1555 (s), 1238-1008 (s). Anal: 
Calcd.forC39HigF45N306: C, 31.66; H, 1.23; F, 57.78; N, 2,84. Found; C, 
31.03; H, 1.45; N, 2.67. 

15 Preparation of Edivl 4-Iodo-2.2 -difliinm^iitYrati^ 

In. a one-liter pressure reactor was charged ethyl iododifluoroacetate 
(200 g, 0.8 mol, from acconq^anied patent proposal), (}H3CN (80 mL) and water 
(300 mL). The mixture was cooled to -lO^C and then a mixture of Na2S204 
(40 g) and NaHC03 (20 g) was added. The reactor was dosed, cooled evacuated 

20 and charged widiethylme (60 g, 2.14 mol). The reaction mixture was then 

warnied to room teniperature in a 4 hr period and kept 3140^^0 for 2 hr. Afterthe 
reaction was over the lower layer was separated from the reaction mixture and the 
aqueous layer was extracted with ether. The combined organic layer was washed 
with brine and dried over MgS04. Distillation gave the tide conq>ound (200 g, 

25 90% yield), bp. 70^(^/266 Pa. ^H NMR (300 MHz, 0X13): dl.38 (t, 3H), 2.70 
(m, 2H), 3.20 (m, 2H), 4.37 (q, 2H)- NMR (188.24 MHz, 0x33): -107.3 (t, 
J =16 Hz, 2F). Anal. Calcd. f or C6H9F2IO2: C, 25.92; H, 3.26; F, 13.67. Found: 
C, 26.69; H, 3.28; F, 13.39. IR(ncat): 1780 cm-^C^O). Mass: Calcd. for 
[(M+H)+]: 278.9691; Found: 278.9659. 

30 EXAMPLE 17 

Preparation of Edivl 2.2-I>ifluoro-3-butenoate 
To a stirred solution of ICH2CH2CF2C02Et (450 g, 1 .62 mol) in ether 
(1000 mL) was added dropwise l,8-diazabicycio[5.4.0]undec-7-ene (DBU, 260 g, 
1.71 mol) in a 2 hr period. The temperature was maintained at between 10-20^C 

35 with external cooling. After the addition was complete, the reaction mixture was 
stirred at room temperature for 4 hrs. Water (600 mL) was added and the ethereal 
layer was separated and washed with brine, dried over MgS04. Distillation gave 
die desired product (200 g. 82% yield), bp. 60^C/9-3 kPa. ^H NMR (300 MHz, 
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CDOj): dl.32 (t, 3H), 4.30 (q, 2H), 5.60 (d. IH), 5.80 (dt, IH), 6.00 (m, IH). 
»i>FNMR (188.24 MHz, CDQa): -106.2 (2F). Anal. Calcd. for C6H8F2O2: C. 
48.00; H, 5.37; F, 25.31. Found: C, 47.82; H, 5.72; F, 27.32. IR(neat): 
1770an-» (C=0), 1650an-UC=C). Mass: Calcd. for [(M-CH2pCH2r]: 
5 122.0179; Found: 122.0191. 

EMM P U 6 1 8 
Preparation of 2.2-Difluoro-3-butenamide 
EAiyl 2,2-difluoio-3-batmonate (51 g, 0.34 mol) was added dn^wise into 
a solution of ammonium hydroxide (28-30 wt%, 24 g, 0.4 mol) and THF (25 mL) 
10 with stining. The temperature was maintained at 10-20'Xr with external cooling 
during the addition. After addition was coni{deted, the reaction mixture was 
sticred at ambioit ten^ierature for 3 hr. The disa{^arance of the starting mateiial 
was mcHiitored by GC. Extraction widi ether followed by ev2q)arati(ai of stdvoit 
gave pure amide as a white crystal (30.5 g, 74%), mp. 85-86*'C. NMR 
15 (300 MHz, acetone-dg): d5.65 (m, IH), 5.80 (m, IH), 6.18 (m, IH), 7.33 (br., 
lH),7.62(br.,lH). 1!>F NMR (188.24 MHz. acetone-dg): -104.9 (2F). Anal. 
Calcd. for C4H5F2NO: C, 39.68; H, 4.16; N, 11.57. Found: C, 39.83; H, 4.01; 
N, 11.23. IR (KBr): 3200, 3380 cm-1 (hr, CONH2), 1690 cm-l (C=0), 
1650cm-»(C=C). Mass: Calcd. for [(M-F)+]: 102.0355; Found: 102.0372. 
20 EXAMPLE 19 

Preparation of 2^-Difluoro-3-butenemtcile 
2,2-DiBnoro-3-butenainide (14.0 g, 0.1 18 mol) was well mixed widi P2PS 
(10 g) and heated slowly to 200°C. The product was distilled at 42-43°C to give 
die nitrile product (10.8 g, 91% yidd). ^H NMR (300 MHz, 0X33): d5.80 (m, 
25 IH), 6.05 (m, 2H). »9F NMR (188.24 MHz, 0X33): -86.5 (m, 2F). Mass: 
Calcd. for [M+]: 103.0233; Found: 103.0227. 

EXAMPLE 20 
Preparation of 2.4.6-Tris(l'.r-diffiinTOa11 yn-t ,3,f^-trifl7^. 
A mixture of 2,2-difluon>-3-butenenitti]e (18.5 g, 0.18 mol) and ammonia 
30 (ca. 0.1 g) was heated at 120-130°C for 3 hr and then distilled to give the desired 
triazine product (17.8 g, 96% yield), bp.70*C/80 Pa. ^H NMR (300 MHz, 
0x33): d5.73 (d, 3H), 5.98 (d, 3H), 6.32 (m, 3H). »9F NMR (188.24 MHz, 
(3X13): -103.6. IR(neat): 1554 cm-Mtriazine). 1650 cm-* (C=C). Anal. Calcd. 
for C12H9F6N3: C, 46.61; H. 2.93; N. 13.59; F. 36.86. Found: C, 44.98; H, 
35 3.13; N, 13.30; F, 38.08. Mass: Calcd. for [M+]: 309.0700; Found: 309.0695. 
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EXAMPLE 21 
Preparation of Ethvl 2>2-I>ifluoro-4-pcntenoate 
Ethyl iododifluoroacetate (100 0.4 mol) was added dropwise into a well 
stilted suspension of copper powder (51 g, 0.803 mol) in anhydrous DMSO 
5 (250 niL) at room tenq>craturfe. The temperature was maintained at below 25°C 
during die addition with external cooling. After that, the reaction mixture was 
stirred at room temperature for 45 min. Allyl bromide (60.5 g, 0.5 mol) was then 
added dropwise while the tenqperature was still controlled at 20-25^C during die 
addition. The reaction mixture was stirred at room temperature for another 3 hr 
10 after the addition was completed. Distillation in vacuo gave a crude product, 
which was extracted with ether, washed with brine and dried over MgS04. 
Redistillation produced pure ethyl 2,2-di£luoro-4-pentenoate (52.8 g, 80% yield) as 
a dear, colodess liquid, bp, 55**Cy2.7kPa. NMR (300 MHz, (3X13): dl.25 (t, 
3H), 2.76 (dt, 2H), 4.24 (q, 2H), 5.20 (IH), 5.22 (IH), 5.63 (m, IH). NMR 
15 (188.24 MHz, COa^): -105.7 (t, J = 18.9 Hz). IR (neat): 1780 cm-^ (C=0), 
1650 cm-l (C>=C), Anal. Calcd. for C7H1QF2O2: C, 51.22; H, 6.14; F, 23.15. 
Found: C, 49.73; H, 6.06; F, 21.42. Mass: Galcd. for [M+]: 164.0648; Found: 
164.0645. 

EXAMPLE 22 

20 Preparation of 2.2-I>ifLuoTO-4-pentenamide 

To a stirred solution of ammoniiun hydroxide (28-30 wt%, 50 mL) and 
THF (200 mL) was added dropwise CH^=CHCH2CF2C02Et (5 1 g, 0.3 1 mol). 
The ten^rature was maintained at 20-25^C (external cooling if necessary) during 
the additi(Hi, The reaction was complete within 3 hr as monitored by CjC. The 
25 product was worked vp to give the corresponding amide con^und (36 g, 86% 
yield), bp. 75 W3 Pa. 

^H NMR (300 MHz, acetone-d^): d2.85 (dt, J = 7.2 Hz, J =16 Hz, 2H), 
5.20-5.30 (m, 2H), 5.70-5.85 (m, IH), 7.25 (br., IH), 7.58 (br., IH). l^NMR 
(188.24 MHz, acetone-d^); -105.3 (t, J =16 Hz, 2F). IR(neat): 3200-3500 on-l 
30 (N"H), 1720 cm-1 (OO), 1650 cm-* (C=C), Anal. Calcd. for C5H7F2NO: C, 

44.45; H, 5.22; N, 10.37; F, 28.12. Found: C, 42.31; H, 5.22; N, 10.18; F, 29.93. 
Mass: Calcd. for IM+]: 135.0495; Found: 135.0490. 

EXAMPLE 23 
Preparation of 2.2-Difluoro-4-pentenenitrile 
35 A mixture of CH2=CHCH2(T2C01SFH2 (33.8 g, 0.25 moi) and P2O5 (40 g) 

was heated slowly to 170-200*'C to give the desired product as a colorless liquid 
(25.2 g, 86% yield), bp. 72-74*C. ^H NMR (300 MHz, CDQs): d2:85(dt,J = 
7.2 Hz, J = 18 Hz, 2H), 5.30-5.50 (m, 2H), 5.62-5.78 (m, IH). l^p NMR 

V 



wo 97/05122 



PCT/US96/12384 



(188.24 MHz, CDOs): -89.5 (t, J =18 Hz). IR (gas): 2260 cm-l (C?T^, 
1650cm-l (C=C). Mass: Calcd. for [M+]: 117.0390; Found: 117,0382. 

K{AMP]LE24 

Preparation of 2.4.6-Tris(r.r- ^ifln9T^-? -butenvlVl. r^.S-^^rinft 
5 A mixture of 2^-diflut)ro-4-pentenenitrile (23.4 g, 0.2 mol) and ammonia 

gas (ca. 0.1 g) was heated at 120*'C for 10 hr in a sealed tube, and then dtstiUed to 
give the desiicd triazine (18.5 g, 79% yield), bp. 86-90*'Cy93 Pa. iH NMR 
(300 MHz, 0003): d3.15 (dt, J = 7.2 Hz, J = 16 Hz, 2H), 5,18-5.30 (m, 2H), 
5.70-5.90 (m, IH). NMR (188.24 MHz, CDCl^): -103.1 (t, J =16 Hz, 2F). 
10 IR (neat): 1555 cm-l (triazine), 1645 cm-^ (OC). Anal. Calcd. for C15H15F6N3: 
C, 51.29; H, 4.30, N, 11.96; F, 32.45. Found: C, 50.50; H, 4.28; N, 11.80; F, 
31.22. Mass: Calcd. for [M+l: 351.1170; Found: 351.1164. 

EXAMPLE 25 

A perfluoroelastomer was prepared in a continuous polymerization process, 

15 similar to that described in U.S. Patent 4,983,697. The polymer was prepared in a 
2 L mechanically stirred, water jacketed, stainless-steel autoclave operated 
continuously at 90^C and 6.2 MPa into which was pumped at a rate of 550 ml/h an 
aqueous polymerization mediuni^nitiator solution comprising of 16 liters of water, 
62 g of ammonium persulfate, 337 g of disodium hydrogen phosphate hepta- 

20 hydrate, 220 g of anuwnium pefluorooctanoate (Tluorad" FC-143 from 3M Co.). 
At the same time a separate soludon of perfluoro(-(8-cyano-5Hnethyl-3,6-<lioxa-l- 
octene) (8C3NVE) was added at a rate of 7.4 g/h of 8CNVE. A gaseous stream of 
tetrafluoroethylene (113 gfti) and pcrfluoro(incthyl vinyl ether) (PMVE, 130 g/h) 
were fed in the reactor at a constant rate by means of a di^hragm compressor. 

25 The polymer was continuously removed by means of a to-down valve and 
unieacted monomers were vented. The latex firom 27.6 h of operarion was 
combined and die polymer was coagulated by adding it with stirring to ahot 
(90-95''C) magnesium sulfate beptahydrate solution of about 3700 g in 80 L of 
water. The coagulated crumb was repeatedly washed with fiesh water and dried at 

30 80^Cinanairoven. Analysis of the polymer by infrared indicated that die PMVE 
content was 44.6 wt%, TFE 53.1 wt% and 8CNVE 2.3 wt%. The inherent 
viscosity was 0.44 and the Mooney viscosity (ASTM D1646) was 32 as measured 
at ISO'^C and 86 as measured at 121^C. 

The polymer was compounded on a rubber mill using the formulation 

35 shown in Table 1 . The parts O-rings (size 214) and sheets were crosslinked by 
heating then in a hydrauHc press at 175°C/30 min. under 3.45 MPa, They were 
then post-cured at 305**C for 42 hrs under nitrogen or at 225*'C for 24 hr in air and 
tested using ASTM methods. Under column A we show the results of crosslinking 
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the above polymer using just peroxide and a coagent, using triallyl isocyanurate as 
the control and comparative results with the trivinyl perfluoroalkyl triazdnes where 
n = 2 (column B) and n = 1 (column C). The properties of parts mol&d as 0-ring 
and as dumbbells are being compared. 

5 

TABLE 1 

TRIS(VINYLTETRAIl-UOROETHYLENE)TRIAZINE (TVTFET) AND 
TIUS(VlNYIJ>IFUlX>ROMEniYLENE)'miAZINE (TVDFMT) AS 
C O AfiKNTS TN THE PEROXIDE g iRTNG OF PERFLUOROEL ASTOMER 

A fi C 

(TAIC) CrVTFET) (TVDFMT) 

COMPOU^fD 



Polymer 


100 


100 


100 


NTT Black 


30 


30 


30 


Kiytox® 16350 


10 


10 


10 


Luperco® lOlXL 


3 


3 


3 


ZdO 


2 


2 


2 


TRIALLYL ISOCYANURATE 


3 






TVTFET 




3 




TVDFMT 






3 


ODR irrti" Arc D2084 








Ml,Nm 


0.60 


0.23 


0.68 


tS2,mins 


1.5 


3.5 


7.5 


MH,Nm 


2.5 


1.7 


1.8 


MH-ML,Nm 


1.9 


1.5 


1.1 
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Domb 
BeUs2 



8.36 
14.7 
260 



O-Rings' 

4.24 
8.50 
13.6 
173 
70 



Dumb 
Bdls2 



8.87 
17.7 
230 



O-Ringsl 

4.05 
7.11 
8.94 
143 
60 



PROPmiTIES O-Rings^ 
Tensile D1708 

M50, MPa 5.07 

MlOO.MPa 9.04 

Tb, MPa 12.1 

Eb,% 144 

Coixip. Set 204°C/ 56 
70hrD1414 

IPost-cured at 305°C/42 h under nitrogoi (PCN42) 
2Post-ciired at 225°CV24 hr in air 

EXAMPLE 26 

The same polymer was used as described in Exan^le 25. The fcnmulaticm 
shown in Table 2 is based on the dual cure system which utilizes both the 
peioxide/coagent and the ti^henyl tin hydroxide catalyst (TFT-OH). 

TABUE2 

TRIS(VINYLTErRAFLUOROErHYLENE)TRIAZINE (TVTFET) AND 
TRIS(VINYLDIFmX)ROMETHYLENE)'nUAZINE (TVDFMr) AS 
COAGENTS m THE DUAL CURE OF PERFLUOROELAj 



CX)MPOUND 
Polymer 
MT Black 
Krytox® 16350 
ZhO 

TPT-OH 
Liqxsico® lOlXL 
TAIC 

TVTFETriazine 
TVDFMTriazine 

ODR 177*/3'' Arc D2084 



A 
(TAIC) 

100 
30 
10 

2 

1 

1 

1 



B 

(TVTFET) 

100 
30 
10 
2 
1 
1 



C 

(TVDFMT) 

100 
30 
10 
2 
1 
1 



Ml,Nm 


0.68 


0.40 


0.79 


tS2,mins 


2.5 


3.5 


2.5 


MH,Nm 


4.6 


3.2 


3.1 


MH-ML,Nm 


4.0 


2.8 


2.3 
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Dumb 
Bells^ 



8.39 
17.1 
240 



O-Rings^ 

4.18 
7.14 

10.5 
186 

58 



E)iimb 
Bells^ 



4.45 
7.42 
9.54 

157 

60 



O-Rings^ 



10.8 
18.2 
200 



PROPERTIES O-Ringsl 
Tensile D1708 

M50,MPa 4,24 

MlOO.MPa 7.24 

Tb.MPa 10.4 

Eb, % 167 

Conq).Set204'X:/ 54 
70hrD1414 

IPost-cured at 305'*Cy42 h under mtrogen (PCN42) 
^ost-cuied at 225"C/24 hr in air 

EXAMPLE 29 

Viton® GF (a copolymer of vinylidene fluoride, hexaflu or opi opy lene, 
tetraflnoroethyloie and brcnnotrifluorobntBne available fiom E. I. du Pont 
de Nonours and Conq>any, WHmington, DE, U.S.A.) was used in this Exan^Ie. 
The foimulatiofi described in Table 3 was used. 

TABLE 3 

TlUS(VINYLTETRAFLUOROBrHYLENE)TRIA2aNE (T VIFKI) AND 
TRIS(VIhnrLDIFULORONIETHYLENE)TRIAZINE (TVDFMT) AS 
CX)AGENTS IN THE PEROXIDE CURING OF VTTON® GF 





A 




Q 


n 




(TAIC) 


CrVTFET) 


(TVDFED 


(TVDFMI 


COMPOUND 










Polymer 


100 


100 


100 


100 


MT Black 


30 


30 


30 


30 


MgO 


3 


3 


3 


3 


Liqwrco® lOlXL 


3 


3 


3 


3 


TAIC 


3 








TVTFETriazine 




3 


1.5 




TVDFMrriazine 








IJ 


ODR 177°/3"' Arc D2084 










Ml.Nm 


1.0 


0.90 


0.90 


0.90 


t$2,mins 


1.5 


5.5 


5.0 


3.5 


MH,Nm 


4.3 


2.4 


2.6 


2.4 


MH-ML,Nm 


3.3 


IJ 


1.7 


1.5 
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PROPERTIES (O-Rings') D14 14 

MSO.MPa 2.95 2.34 2.18 

MlOO, MPa 8.06 4.83 4.43 

Tb,MPa 14.6 14.1 11.7 

Eb,% 143 215 202 

Coinp.Set204°C/ 53 73 79 58 
70hD1414 

(Dumbbells^) D1708 

MlOO, MPa 5.58 3.50 3.36 3.89 

Tb.MPa 22.4 22.5 22.7 22.1 

Eb,% 230 400 400 360 
IPost-cnred at 260''C/48 h under nitrogeai (PCN260) 
^Post-cored at 225'*C/24 h in air 
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CLAIMS 

What is claimed is: 

1 . A compound of die fomiula 




5 0) 

wheidnRl is CHi=CH{CF2>n^ CH2=CHCH2(CF2)a-, 
CH2=<HCF2CF(CF3)OCF2CF2- or 

(:M^£=CaCP2Cp2CFiCR=CH and n is an integer of 1 

10 to about 10. 

2. The compound as recited in Claim 1 wherein when Rl is 
CH2=CH(CF2)n- and n is 1 or 2. 

3. The compound as recited in Claim 1 wherein is 
CH2=CHCH2(CF2)ii- and n is 1 . 

15 4. The compound as recited in Claim 1 wherein R^ is 

CH2=CHCF2CF(CF3)OCF2CF2- or 

CH2=<MCF2a?2C3'(CH=<M2PCF2CF(CF3)OCF2CF2-^ 

5. A process for die crosslinking of a fluoroelastomer, comprising, 

contacting a ftcc radical generator, a fluoroelastomer which is c£^able of 
20 crosslinking widi a polyolefin under fiee radical conditions, and a compound of die 

fonnula 




(D 



25 wherein Rl is CH2=CH{CF2)n-, CH2=CHCH2(CF2)n-, 

CH^=CHCF2CF(CF3XXT2CF2- 

CH2=<MCF2CF2CF(CH=<3l2)C)CF2CF(CF3)C^ and n is an integer of 1 

to about 10, and provided said contacting is done at a temperature at which said 
ficee radical generator generates firee radicals. 
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6- The process as recited in Claim 5 wterein said fluoroelastcmer is a 
copolymer of hexafluoropropylene/vinylidene fluoride; tetrafluoroethylene/vinyli- 
dene fluoride/hexafluoropropylene; tetrafluoroethylene^rfluoro(alkyl vinyl ether) 
wherein the alkyl group contains 1 to 5 carbon atoms, or and tetrafluoro- 
5 ethylene^rfluoro(alkyl vinyl'ether) \^cTein the alkyl group contains one or more 
ether oxygen atoms and 2 to 20 carbon atoms. 

7. Hie process as recited in Qaim 5 wherein is CH2=CH(CF2)n- and n 
is 1 or 2, orRl is CH2=OICH2(CF2)n- and n is 1. 

8. Theproductof the process of Qaim 5. 
10 9. The product of the process of Qaim 6. 

10. The process as recited in Claim 6 wherein said fluoroelastomer also 
contains 0.1 to S mole percent of a curesite monomer. 

11. The product of the process of Oaim 10. 

12. The process as recited in Claim 5 indierein said fluoroelastomer 
15 contains 0.1 to S mole percent of a curesite monomer. 

13- The process as recited in Oaim 5 wherein said fluoroelastomer is a 
tetrafluoroethylene,^?erfluoro(alkyl vinyl ether) copolymer wherein the alkyl group 
is HMthyl or propyL 

14. The process as recited in Claim 13 wherein said fluoroelastomer 
20 contains 0.1 to 5 mole percent of acuresite monomer. 

15. Theproduct of die process of Qaim 7. 

16. The product of the process of claim 14. 
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